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1. Indicate the level of achievement of the project’s original objectives and include
any relevant comments on factors affecting this.

Objective
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Comments

Generate quantitative
and qualitative
information on marine

Through an extensive sampling and
analysis effort, we identified the
presence of microplastics in all the

debris  contamination, studied populations. We
specifically determined  quantitative  (total
microplastics, in five particles, average per scat sample,
rookeries of the etc.), and qualitative (colour,
Galapagos sea  lion shape, type of polymer) information.
(Zalophus wollebaeki) in See details of results in Annex 1.

the southeastern

Galapagos Marine

Reserve.

Compare the results With the obtained results, general
obtained between the comparisons have been made to
different populations measure the level of contamination
sampled to evaluate if to which each population s
there are significant exposed. See details of results in

differences in relation to
the average number of
parficles found per
sample.

Annex 1. However, | am carrying out,
with my team, the formal analysis to
evaluate the levels of statistical
significance.

Involve local members in
the field and laboratory
phases of the project.

linvolved local volunteers in the field
and laboratory phase activities,
where college students participated
in the collecting, managing, and
processing of the samples. Rangers
of Galapagos National Park also
collaborated in the field phase.

local children
adolescents  to
spread information
about the threats of
marine pollution to the
local endemic fauna of
the Galapagos.

Recruit
and

| successfully conducted workshops
for children and adolescents from a
public school of San Cristobal Island
through talks and different activities
aimed at communicating the
threats caused by marine debris to
the Galapagos sea lion. See details
of photos in Annex 2.
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2. Describe the three most important outcomes of your project.

a) Microplastics were found in the scats of Galapagos sea lions, demonstrating
the presence of synthetic particles in their food web.

b) The most frequent microplastic shape was microfibers, following the global and
regional tfrends observed regarding microplastic pollution in pinnipeds.

c) Preliminary scientific information was generated that will be used for further
research on marine pollution in this endangered species. This effort will lead to
a series of actions aimed at mitigating this serious conservation threat in the
Galapagos archipelago.

d) The local youth population has shown great interest in participating in actions
related to mitigating anthropogenic impacts on native and endemic species,
specifically marine debris on the Galapagos sea lion.

3. Explain any unforeseen difficulties that arose during the project and how these were
tackled.

This project's only difficulty arose in the laboratory analysis of the samples. Initially,
based on the literature, | developed a standard methodology for processing the
samples. However, | observed that it was not the most efficient to obtain the best
results. Therefore, | tested different chemical reagents until | found the most efficient
ones for the chemical digestion of organic material. It was also required to add several
steps to the protocol and to build homemade filtration equipment based on literary
information. In this way, the difficulties were successfully tackled, but with slightly
extended research times and budgeted expenditures.

4. Describe the involvement of local communities and how they have benefitted from
the project.

Workshops have been carried out to share the results with children and adolescents
from San Cristobal, Galapagos, through theoretical and practical activities. These
were carried out in conjunction with researchers and park rangers as conversations to
discuss the problems that are affecting the species, in this case, marine debris
pollution. Partial results have been shared with the group, ensuring that they
understand the consequences of the fragmentation of large dekbris into microplastics
for wildlife and the archipelago overall. Accompanying this activity, we also
implemented coastal cleanups and visual census of sea lions. See details of photos in
Annex 2.

Also, local volunteers from the Galapagos Academic Institute for the Arts and
Sciences (GAIAS) of the Universidad San Francisco de Quito (USFQ) were recruited to
collaborate in the field and laboratory phases carried out in San Cristobal,
Galapagos. Two students actively participated in these phases, assisting with the field
collection and laboratory processing of scat samples, and other activities related to
the project. These activities involved volunteers understanding and learning about the
problem of marine pollufion in an endemic and emblematic species, and its
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implications for conservation, not only theoretically, but also in a practical and
participatory approach. Similarly, several park rangers from the Galapagos National
Park participated in the expeditions, not only as confrol authorities but also as
members of the team, playing an important role in the collection of samples.

5. Are there any plans to continue this work?

Yes, based on the results obtained and the growing global concern about plastic
debris pollution, we are planning to extend the research to the west of the
archipelago (Isabela and Fernandina islands). Furthermore, for this research, we will
rely on a protocol that, in addition to quantifying microplastics, employs novel DNA-
metabarcoding technology to identify the prey of our target species. This will allow us
to relate the diet of the Galapagos sea lion to the occurrence of microplastics, and
thus to elaborate possible routes of indirect incorporation of these particles (e.g.,
which are the main prey, and which are the most susceptible to transferring
microplastics).

We estimate the logistical planning of this project in the first quarter of 2023, with a
tentative start of the field phase in early June 2023. To carry out this project, however,
funding with a 2nd Rufford Small Grant will be critical. To this end, we have a proposal
ready for submission once this report is reviewed and approved.

6. How do you plan to share the results of your work with others?

The results presented here are being enhanced with further statistical analysis with the
aim of being published as a high impact scientific publication. This research will set a
precedent in academia, which will tfrigger further studies of microplastic pollution in
the Galapagos Islands and its effects on biodiversity. It is expected that authorities of
the State of Ecuador, through the Directorate of the Galapagos National Park, will be
notified of the results of this research through a colloquium that | will give at the
Galapagos Science Center on San Cristobal Island.

In May 2023, this research, which serves as my thesis for the Master's programme in
Tropical Ecology and Conservation at USFQ, will be presented to the public as a
colloguium in Quito, Ecuador. This presentation will be attended by academics from
various research areas, undergraduate and graduate students, and anyone in
general who wishes to attend.

Also, as this is an investigation with impacting results for an endemic and threatened
species, and carried out in pristine ecosystems, it is expected to aftract the attention
of several local and nafional media to communicate the results and generate
awareness in the Ecuadorian population. We plan to present these results at future
congresses of organizations focused on the study of marine mammails.

7. Looking ahead, what do you feel are the important next steps?
The next step is to complete the writing of the scientific publication so that it can be

published in a high impact journal, and afterward, to divulge the results. Then, it is
essential to broaden the scope of the research and start executing the next project
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in the western populations of the archipelago to have a holistic and comprehensive
understanding of this threat to the species.

8. Did you use The Rufford Foundation logo in any materials produced in relation to
this project? Did the Foundation receive any publicity during the course of your work?

So far, | have used the Rufford Foundation logo for presentations given to students
and teachers in my graduate program at USFQ, as well as to GAIAS academics.

In the future, it is planned to continue recognising Rufford Foundation's vital
confribution by placing the logo on all presentations and activities linked to this
project, and future projects that we have in common.

It is also worth reporting that, because my professors were aware of my accreditation
to this grant for my research, they encouraged students in my programme to apply
for these funds to finance their master's research and strengthen their fundraising skills,
which are invaluable aspects in the early training of scientists.

9. Provide a full list of all the members of your team and their role in the project.

Dr. Diego Pdez-Rosas (USFQ-GSC) fulfilled the role of co-director of my master's thesis
in Tropical Ecology and Conservation, providing research permits to work within the
protected areas of the Galapagos National Park, and at the GSC facilities in San
Cristobal and the USFQ campus in Quito, Ecuador. He also contributed financially and
intellectually in all stages of the research (logistics, field and laboratory phases, data
analysis, and paper writing and review).

Dr. Odei Garcia-Garin (Universitat de Barcelona) fulfiled the role of external co-
director of my master's thesis in Tropical Ecology and Conservation, providing permits
to work in the facilities of the Univesitat de Barcelona, Spain, to carry out the polymer
characterization by UFT-IR spectrometry. He also contributed intellectually in several
stages of the research (field and laboratory phases, data analysis, and paper writing
and review).

Dr. Asuncion Borrell (Universitat de Barcelona) fulfiled the role of research advisor,
providing financial support to cover the costs of polymer analysis by pFT-IR
spectrometry at the Universitat de Barcelona. She also confributed intellectually in
other phases of the research (data analysis, and paper writing and review).

Dr. Massimiliano Drago (Universitat de Barcelona) fulfilled the role of research advisor,
contributing intellectually to several stages of the research (data analysis, and paper
writing and review).

Juan Pablo Munoz-Pérez (USFQ-GSC) fulfilled the role of research advisor, contributing
intellectually to several stages of the research (field and laboratory phases, data
analysis, and paper review).

Diego Urquia (USFQ-GSC) fulfilled the role of research advisor, contributing physically
and intellectually in the logistics and sample collection for the field phase. He also
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confributed intellectually to other stages of the research (data analysis, and paper
review).

10. Any other comments?

As | mentioned previously, the results presented in this report are preliminary and are
being rigorously statistically analysed to be published in a scientific publication in a
high impact journal. However, they are not yet final, and the urgency in sharing this
information with The Rufford Foundation is that, because of the proximity to 2023, we
have contemplated the need to start planning the extension of this research to new
regions of the archipelago, where it is necessary to continue producing information.

Therefore, | will briefly present my findings in Annex 1.
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ANNEX 1

A total of 180 scat samples of the Galapagos sea lion (Zalophus wollebaeki) were
collected from five rookeries on four islands in southeastern Galapagos (Figure 1)
between August and September 2021, as follows:

- El Malecén (San Cristobal): 60 samples.

- Punta Pitt (San Cristobal): 30 samples.

- Bahia de Santa Fe (Santa Fe): 30 samples.
- Punta Suarez (Espanola): 30 samples.

- Post Office (Floreana): 30 samples.
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Figure 1. Sampled rookeries in the southeastern Galapagos Islands.

Potential microplastics recovered

The laboratory phase was carried out at USFQ and Universitat de Barcelona between
November 2021 and September 2022. A total of 259 potential microplastic particles
were found in 121 Galapagos sea lion scats of the 180 collected (67.2%). "El Malecon”
rookery, which is the largest in the entire archipelago and located on San Cristobal
Island, had the greatest sampling effort (n=60), in which 126 potential microplastics
were found. This was followed by the "Punta Pitt" rookery, also on San Cristobal, with
40 potential particles. Then, in the "Punta Suarez' rookery, 34 particles were found; in
"Post Office", 33; and in "Bahia de Santa Fe", 26. Figure 2 shows this information, with
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the data segmented by microplastic shape. Fibers were the most frequent
microplastic shape found at all sites.
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Figure 2. Total potential microplastics (MPs) retrieved at each rookery, segmented by
shape.

To better represent the data, and to eliminate the bias of different sampling efforts,
the means of potential microplastics recovered per sample in each rookery were
calculated. Thus, in "El Malecdén”, 2.10 potential particles per sample were obtained;
in "Punta Pitt", 1.33 particles per sample; in "Punta Sudrez’, 1.13 particles per sample; in
"Post Office", 1.10 particles per sample; and, in "Bahia de Santa Fe", 0.87 particles per
sample. Figure 3 shows this information, with the data segmented according to the
mean number of microplastic shapes found per rookery. Again, fibers were the most
frequent microplastic shape found, on average, at all sites.
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Figure 3. Mean potential MPs per collected sample at each rookery, segmented by
shape.

Polymer characterization by uFT-IR Spectrometry

Potential microplastic particles, as the name implies, are not considered as confirmed
microplastics until they have undergone a uFT-IR spectrometry process that confirms
that their composition is synthetic polymer-based. A total of 53 microplastics
composed of polymers were confimed after yFT-IR spectrometry results and
adjustment with the cross-contamination protocol. "El Malecén" rookery was the one
with the highest total of microplastics, with 20 particles. Following this, were the
rookeries "Punta Sudrez', with 12 confirmed particles; "Punta Pitt", with 8 confirmed
particles; "Bahia de Santa Fe", with 7 confirmed particles; and "Post Office", with 6
confirmed particles. Figure 4 shows this information, with the data segmented by
microplastic shape. Fibers were the most frequent microplastic shape found at all sites.
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Figure 4. Total uFT-IR confirmed MPs at each rookery, sesgmented by shape.

Similarly, to eliminate the sampling effort bias, the mean number of confirmed
microplastics per sample was calculated for each rookery. Thus, "Punta SUarez"
rookery was the one with the highest average of microplastics per sample, 0.40
particles per scat sample. This was followed by the rookeries "El Malecdn”, with 0.33
particles per sample; "Punta Pitt", with 0.27 particles per sample; "Bahia de Santa Fe",
with 0.23 particles per sample; and "Post Office" with 0.20 particles per sample. Figure
5 shows this information, with the data segmented according to the mean number of
microplastic shapes found per rookery. Fibers were the most frequent form of
microplastic found, on average, at all sites.
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Figure 5. Mean PFT-IR confirmed MPs per sample at each rookery, segmented by
shape

Finally, as for polymer composition by site, 12 different polymer types were identified
in total, with polypropylene-polyethylene copolymer being the most common overall.
"El Malecdn" rookery had the highest polymer diversity, with eight types,
polypropylene being the dominant polymer. "Punta Sudrez' was composed of six
different polymer types, with cellulose being the dominant. "Punta Pitt" was composed
of seven different polymers, with cellulose being the dominant. "Bahia de Santa Fe"
was composed of three polymers, with cellophane and polypropylene-polyethylene
copolymer being the most representative. Finally, "Post Office" was composed of four
polymers, with polypropylene-polyethylene copolymer and cellulose being the most
representatives. This information is shown in Figure 6 and Figure 7.

Page 11 of 16



25

- - N
o [¢)] o

Polymeric composition per rookery
(6]

Malecon

Punta
Suarez

Punta Pitt Bahia de Post Office

Rookery

Santa Fe

ufforzi

Found&rlon
www.rufford.org

m Polysterene-polyacrylonitrile copolymer
m Polysterene
m Polyethylene
m Polyester, tere-&iso-phthalate
m Poly(ethylacrylate:st:acrylamide)
m Polyacrylonitrile
m Polyethylene terephthalate
m Polyvinyl chloride
Cellophane
= Polypropylene
m Polypropylene-polyethylene copolymer

m Cellulose

Figure 6. Total uFT-IR confirmed MPs at each rookery, segmented by polymer type

100%

90%

80%

70%

60%

50%

40%

30%

20%

Polymeric composition per rookery

10%

0%

Malecon

Punta Punta Pitt Bahia de

Suarez

Rookery

Santa Fe

Post
Office

m Polysterene-polyacrylonitrile copolymer
m Polysterene
m Polyethylene
m Polyester, tere-&iso-phthalate
m Poly(ethylacrylate:st:acrylamide)
m Polyacrylonitrile
m Polyethylene terephthalate
m Polyvinyl chloride
Cellophane
m Polypropylene
m Polypropylene-polyethylene copolymer

m Cellulose

Figure 7. Observed polymeric composition at each rookery.
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ANNEX 2

Images below show a campaign that was conducted with nine teenagers in Punta
Pitt, San Cristobal. In this campaign, | was able to explain to the students about marine
debiris pollution and its implications for the endemic fauna of the archipelago, as well
as the preliminary results of my research at the Punta Pitt rookery. Then, we carried out
a coastal cleanup and a census of the individuals in this important Galapagos sea
lion rookery, which coincides with one of my sampling sites.
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ANNEX 3

Current research permits certifying that the samples collected for this research were
merely for scientific purposes. This permit is the result of an inter-institutional
collaboration between the Galapagos National Park Directorate, Universidad San
Francisco de Quito, Galapagos Science Center, and The Rufford Foundation.

- @--u: iociars Ministerio del Ambiente, Agua
p b y Transicién Ecolégica
DIRECCION DEL PARQUE NACIONAL GALAPAGOS (DPNG) DIRECCION DEL PARQUE NACIONAL GALAPAGOS (DPNG)
DIRECCION DE GESTION AMBIENTAL. DIRECCION DE GESTION AMBIENTAL
PERMISO DE INVESTIGACION CIENTIFICA: N° PC-36-22 PERMISO DE INVESTIGACION CIENTIFICA: N° PC-36-22
B del estatus poblaci |y el éxito rep de los Pinnipedos de las 1slas 8. Lasislas: Daphne Mayor, Pinzén, Espaficla, Fernandina, Pinta, Santa Fe, Plaza Norte, Plaza Sur, Rabida,

Thulo del Proyecto:

i col veles de Santiago y wdos os slotes del archipilage, comprenden zonas de proteccidn absolua por ser areas

Nombre del Aplicante: Diego Paes Rosas Contraparte DPNG: Maryur ¥eper sensibles. En se autoriza la b5 un enlos
Direccién actual completa: Narciso Olaya y Luls Ibarra, Barrio Las Pefas, Isla San Cristobal, Galapagos, Email: sitios antes descritos.

eduec

‘Otros participantes en el Proyecto: Stella Villegas, Dan Casta, oy Matthews, Jorge Hernandez, Heather Wakden 9. Se autoniza realizar censos (binoculares, camaras fotograficas, biticoras y zodiac) de pinnipedos.

John Bawden, Gregory Lewbart, Kenethy Lohmann, Alyssa Grube, Matthew Breen, Eugene DeRango, Daniel

Crocker, Padraig Duignan, Cara Field, Miguel vences, Sten Anslan, Jochen Wolf, Oliver Kruger, Jonas Schwarz, 10. Se autoriza empelar Drone (modelo DJI Mavic Pro) como fuente complementaria al censo. Las
Massimillano Drago, Odel Garcia-Garin, Fernando Elor faga, Francisco Garcla-Rodriguez, Francisco Dominguez, operaciones de vuelo planificadas con este dispositivo deberdn obligatoriamente contar con el
Larissa Oliveira, Femando Lopes, Sandro Bonatto, Andrel Mihalca, Carla Culda, Julian Ruiz, Paclo Piedrahita, acompafizmiente de un Guardaparque.

Pacla Calle, Gustavo Jimenez, Jaime Chaves, Gonzalo Rivas, Marjorie Riofrio, Renato Leén, Verdnica Barragan,

Sonia Zapats, Eduardo Diaz, Salomé lzurieta, Diego Urquia, Andrés Moreira, Pacarina Asadobay, Juan 11. Se autoriza marcar 400 crias de pinnipedos mediante tags pldsticos y transponder Intradérmico.
Mosquera,

Clasificacidn del Proyecto: [ Requiers C: A Rec NO 12. Se autoriza realizar fatografias del sistema visual de 100 lobos marinos, para identificar enfermedades
Se requiere colectar muestras: S/ [ Factura: NA. oculares.

Duracién del Permbo de Investigacin: 24 de abril del 2023 al 31 de marzo del 2023
Universidad San Frandsco de Quito, Direccion del Parque Nacional Galdpagos
‘Condiciones de cumplimiento obligatorio:

13, Se autoriza colectar Unicamente las muestras contenidas en el ANEXO DE MUESTRAS MAATE-DPNG-
1A-2022-25.

14, Se autoriza movilizar las muestras para andlisis a los laboratorios de: Science Center fSon Cristébal)
Laborstorio de Isotopos Estables en lo Universidad de Californio (EUA), Laboratorio de Sanoma Stote
University, Universidad de Barcefona, Labaratorio de Entomologia Médica y Medicing Troplcal de o
USFQ (Quita), Laborotaric del Centra Interdisciplinario de Clencias Marinas (Méxko), Laboratorio de
Technical University of Braunschweig (Alemanial, University of Agricultural Sciences and Veterinary,
Medicine (Rumanta).

1. Elinvestigador principal y los participantes autorizados deberdn cumplir estrictamente con todas las
regulaciones establecidas en el Manual de Procedimientos para Cientificos Visitantes y Protocolos para
viajes de Campo y Campamentos en las Islas G aldpagos.

2. Unicamente el equipo de investigacion autorizado en el presente permiso se encuentra hablltado a
participar enla fase de campo, andlisis de muestras, tabulacién de datos y desarrollo de publicaciones.
En caso de requeric inclulr partidpantes adicionales, el investigador princpal debera solcitar
autorizacion por escrito detallando [as justficaciones pertinentes

15. Las muestras colectadas en el marco del presente permiso de investigacion, NO podran ser utilizadas
en actividades de BIOPROSPECCION, NI ACCESO AL RECURSO GENETICO, y estas dnicamente podran
ser utilizadas bajo las lineas de estudio autarizadas por el Ministerio del Ambiente, Agua y Transicidn

3. Previoa la salida de campo, el investigador principal deberd presentar el AVISO DE VIAJE DE CAMPO
Ecolégica del Ecuador a trawés de la Direccion del Parque Nacional Galdpagos.

de acuerdo con el formato establecido, con minima 72 horas de anticipacién, De igual manera, deberd
coordinar todas sus actividades con los responisables del Proceso de Conservacion y Restauracion de
Ecosisternas Insulares e Investigacion Aplicada de la DPNG en Santa Cruz,

6. £l andlisis de datos y los avances de la investigacion deberdn estar disponibles permanentemente para
los técnicos de la DPNG, de usarlos para acciones de manejo y
no publicarlos sin el consentimiento del investigador principal del proyecto.

4. Durante las salidas de campo, el investigador principal deberd portar una copla leglble del Permiso de

Investigacion aprobade y el Aviso de Viaje de Campo firmado por los técnicos de la OFY e

17, Previo clentificas, remitir ala DPNG el documento final
va aceptado para publicacion bajo la denominacién de embargo, esto a fin de conocer y preparar
beletin correspondiente, existiendo el compromiso de no reallzar ninguna difusién hasta contar con la
publicacion cientifica oficial

5. Posterior a la salida de campo, el investigador principal debera remitir un INFORME TECNICO DE
CAMPO por cada aviso de viaje autorizade, en un maximo de 5 dias laborables

6. Durante el trabajo de campo en sitios con acceso de turistas, se deberd evitar ef contacte con estos y
no manipular fauna y flora mientras haya visitantes en los sitios. De no ser pesible, el investigador
prineipal deberd brindar una breve explicacién de las actividades de investigacién a los vistantes y
posteriormente retomar el desarrolla de sus actividades

18. Una ver condluldo el analisis de muestras, estas y/o cuakjuier material resultante deberdn ser
devueltos ala Unidad de Patrimanio de |2 DPNG, a través del Informe correspondiente.

19. No se autoriza la creacién de colecciones duplicadas en centros de investigacian u otras institucianes

orizados son; Costas con presenca de colonias de pinnipedos (San Cristob fusra (n Galepages. Aplica Tl pars s ree colectadas an has snterianes.

Cruz, Santiago, Seymur, Pinzdn, Rabida, 1sabela, Fernandin, pint

Espafiola,
Marchena y

7. Los sitios a
Floreana, Santa Fe, S

20. Previo a la renovacion del permiso de investigacion, el Aplicante del proyecto o su contraparte
Institucional de investigacion deberd entregar o remitir lo siguiente:
« Una copia digital (Tabla de Excel 97-2003) de Ios datos obtenidos durante Ia ejecucion del
proyecto.

Gerowesa)

-]V

3 Gobierno | s
% » del Encuentro f la logramos

St G o v o803 06200 (85002250010 s

Bl repcbica @uluunm nisxeric cel A Ag

el Ecuador eevoa y Transicién Ecolégica

DIRECCION DEL PARQUE NACIONAL GALAPAGOS (DPNG)
DIRECCION DE GESTION AMBIENTAL
PERMISO DE INVESTIGACION CIENTIFICA: N* PC-36-22

» Dos conferenclas para los guardaparques de b DPNG, gulas naturalistas y otras personas
interesadas sobre los avances del proyecto. Para establecer el cronograma se debera coordinar
con el Responsable de Investigacion Aplicada de la DPNG
Un INFORME DE AVANCES del proyecto, con todos los detalles de la Investigacion y sus
recomendaciones técicas aplicables al manejo de las Areas Protegdas.
Articulos y publicaciones resultantes del proyecto de investigacién: en el caso de publicaciones
Gricamente en formato digital; si son T e, 1 mpekty i, ol caas da Wi
digital o hardn en di

21. Los datos que se desprendan de esta investigacién no pedrén ser utlizados para estudios pesteriores
sin la previa autorizacién del Ministeriodel Amblente a través de |a D

22 Para e\ m de & d s a Diego Pdez-
Ro: ia, la de cualquiera d condiciones, as! como el uso indebido
doame du(umgma serdn sancionados conforme la normativa aplicable y dependiendo de la
infraccién podria conllevar a la suspension inmediata de la investigacién.

Valoracién Téenica: Steve Bayas [ Categoria: COLABORADOR USFQ - 2022
Coreiderando que el TRulo . numeral 2.3, Weral V e Estatuto Orgirice de Gestion por Procesos de I Direceion del Parque Nacioml
249 del Oficial publicada el martes 16 de octubire del 2012, estatlecs ergre las
abain  Dictor d Gesn Amienal iy o s s e v o s

e mis que mediante Resolucion

desarsllen en las a
Gatipagos deleps al Directer de Gest i

Gl 4 Db e 2011 Do 4 P M Ambiental para que on
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